Cryoglobulin characteristics in chronic hepatitis C (CHC) might be of importance for knowing more about the pathogenesis and treatment of the disease. We aimed to investigate the relationship between cryoglobulin types and their specificity against hepatitis C virus (HCV) antigenic epitopes in CHC patients. We analyzed samples from 43 patients with HCV-associated cryoglobulinemia, of whom 4 had concomitant lymphoma. Cryoglobulins were measured, purified, typed by immunofixation electrophoresis, and tested for IgG and IgM anti-HCV antibodies by immunoblot analysis and an enzyme-linked immunosorbent assay (ELISA). Clinical and other laboratory data were recorded. The median cryocrit level of the tested samples was 6%. Type I cryoglobulins were detected in 9.3% (4/43) of the cryoprecipitates, and type II cryoglobulins were detected in 48.8% (21/43) of the cryoprecipitates. IgM monoclonal protein, mainly IgM(), was found in 92% (23/25) of type I and II cryoprecipitates. Type III cryoglobulins were identified in 41.9% (18/43) of the patients and were associated with high blood serum IgG levels. In 81.3% (13/16) of type II and 92.3% (12/13) of type III cryoglobulins, there was IgG reactivity against the viral core region. Ninety-two percent and 32% of IgG anti-HCV core-positive cryoprecipitates had additional specificities against the NS3 and NS4 regions, respectively. Also, IgM anti-HCV antibodies were detected in 31% of the cryoprecipitates. In conclusion, all types of cryoglobulins were found in patients with HCV-associated cryoglobulinemia, with type II being the most frequently identified. Type III cryoglobulins were common and were associated with high serum IgG levels. HCV-related cryoglobulins demonstrated IgM, and particularly IgG, anti-HCV specificities, mainly against the core and NS3 epitopes.
H
epatitis C virus (HCV) infection is a major cause of chronic liver disease (1) , with over 170 million people infected worldwide (2) . HCV is an enveloped positive single-stranded RNA virus that belongs to the Flaviviridae family (1) . Its genome is enclosed in an icosahedral capsid, itself enveloped by a lipid bilayer, where two different glycoproteins are anchored (3) . An open reading frame of the genome encodes a polyprotein that is cleaved into structural proteins, consisting of the capsid protein core and the two envelope glycoproteins (E1 and E2), which are essential components for viral entry and fusion, and multiple nonstructural regulatory proteins, such as p7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B (1) .
HCV has the ability to infect and replicate in lymphocytes (lymphotropism) and other types of human cells, apart from liver cells, and it has been involved in extrahepatic manifestations of the disease, including mixed cryoglobulinemia (MC) syndrome (3) . MC is the most common extrahepatic manifestation of chronic HCV infection and is associated with several clinical and laboratory autoimmune events (4, 5) . MC might also be observed in the absence of liver disease, and it is characterized by cryoglobulin deposition on endothelial cells, eliciting vascular inflammation of small and medium vessels. The clinical spectrum of HCV cryoglobulinemia largely varies from an asymptomatic presentation to severe vasculitis and lymphoma. Even though there is observed variation in the presentation of overt symptoms, the basis of cryoglobulinemia consists of a clonal autoreactive B-lymphocyte expansion (2, 3) . The survival of these immunocompetent cells might be related to the existence of many host factors, such as the B-lymphocyte activating factor (BAFF), which was found to be increased in the blood serum of chronically infected HCV patients with MC. Elevated levels of BAFF increase the stability of autoreactive B lymphocytes and might play a significant role in the pathogenesis of HCV MC (6) . Another important factor on the B-cell surface is the cellular receptor CD81, which is upregulated in HCV-infected patients, particularly in those with MC (7) .
It has been shown that in patients with chronic HCV infection, HCV-associated cryoglobulins, mainly types II and III and in rare cases type I, are frequently detected (8, 9, 10) . The HCV-related cryoglobulin types are of clinical significance; this is especially the case in patients treated with rituximab and have monoclonal IgM() cryoglobulin fraction. The chimeric monoclonal antibody directed against human CD20 (9, 11, 12, 13) may form complexes with IgM() cryoglobulins, leading to increased levels of cryoprecipitation and adverse reactions (14, 15) . The reactivities of IgG and IgM in cryoglobulins against specific HCV antigens has not been extensively studied.
In the present study, we analyzed HCV-related cryoglobulins in a cohort of patients with HCV-associated cryoglobulinemia. Our main target was to investigate the relationship between the cryoglobulin type and specificity against HCV antigens in order to better elucidate the complex relationship between HCV and autoreactivity.
MATERIALS AND METHODS
Study design and patients. The study group consisted of 43 patients with chronic HCV infection who attended our liver unit and were found to have cryoglobulins in their blood serum. Screening for cryoglobulins was performed in all patients with clinical signs of cryoglobulinemia (i.e., vasculitis) or lymphoma and mostly at the time of chronic hepatitis C (CHC) diagnosis in those who were asymptomatic (n ϭ 32). Patients with HIV or hepatitis B virus (HBV) coinfection were excluded.
Clinical and laboratory characteristics were recorded at the time of visit for all patients, including gender, age, level of HCV RNA, HCV genotype, and presence of cirrhosis. Liver cirrhosis was confirmed by either biopsy or a combination of clinical, laboratory, imaging, and fibroscan findings. Blood chemistry, rheumatoid factor, and quantitative immunoglobulin measurements were performed at the time of cryoglobulin detection.
The protocol for the clinical study was submitted and approved by the ethics committee of our center, and informed consent was obtained by all patients prior to their participation in the study.
Clinical laboratory assays. Blood chemistry measurements, including liver enzyme and anti-HCV testing, were performed by commercially available assays (Abbott Laboratories, Abbot Park, IL). Rheumatoid factor and immunoglobulins were measured by nephelometry (Radim SpA, Rome, Italy). HCV RNA was detected by a PCR assay (Cobas Amplicor, Roche Molecular Systems Inc., Branchburg, NJ), and HCV genotype was determined by the line probe assay Versant HCV genotype LiPA 2.0 (Siemens Healthcare Diagnostics Inc., Tarrytown, NY). Blood serum HCV RNA levels were quantified by the Versant HCV RNA 3.0 branched DNA (bDNA) test (Siemens Healthcare Diagnostics Inc., Tarrytown, NY).
Isolation and characterization of cryoglobulins. Blood samples of approximately 15 to 20 ml were collected into prewarmed tubes and clotted at 37°C for Ն1 h. The serum was separated from clots by centrifugation at 3,500 rpm for 20 min and was incubated for Ն7 days at 4°C. Cryoglobulin presence was first assessed by visual inspection of a precipitate that was formed after centrifugation and then by its resolubilization for 10 min in 37°C. The cryoglobulin concentration was measured as the cryocrit.
Cryoprecipitates were recovered from serum samples after four periodic cleaning cycles that included centrifugation at 3,500 rpm for 10 min at 4°C, supernatant removal, specimen reconstitution with saline (0.15 mmol/liter, 37°C [pH 7.4]), and overnight incubation at 4°C. After four successive washes, an appropriate amount of saline was added to the purified cryoprecipitate.
Complete purification, detailed characterization, and typing of the cryoprecipitate were assessed by gel electrophoresis and subsequent immunofixation electrophoresis (IFE) using SAS-3 (Helena Biosciences Europe, Tyne and Wear, United Kingdom), or Hydrasys (Sebia, France).
Immunoblotting for IgG antibodies directed against specific HCV antigens in the purified cryoglobulins was performed with the INNO-LIA HCV Score (Innogenetics NV, Ghent, Belgium). The presence of IgM anti-HCV antibodies (against core, recombinant NS3, NS4, and NS5 peptide mixture) was examined by enzyme-linked immunosorbent assay (ELISA) (Dia.Pro, Italy).
Statistical analysis. All continuous variables are presented as the median accompanied by the range, and categorical variables are presented as absolute and relative frequencies. Student's t test was used for the comparison of continuous variables. Categorical variables were compared by the use of contingency tables and calculations of the chi-square test. Statistical significance was set at a P value of Ͻ0.05. All reported P values were based on two-sided tests. SPSS software v.20.0 (IBM SPSS Statistics) was used for all statistical calculations.
RESULTS
Forty-three patients, 18 males (41.9%) and 25 females (58.1%), with a median age of 48 years (range, 31 to 76 years) and who had HCV-related cryoglobulinemia (median cryocrit, 6%; range, 1 to 33%), were analyzed in this study. The median blood serum HCV RNA level was 6.2 ϫ 10 5 IU/ml (range, 0. The patients' median blood serum immunoglobulin levels were 1,700 mg/dl (range, 571 to 4,281 mg/dl) for IgG, 177 mg/dl (range, 73 to 1,020 mg/dl) for IgM, and 237 mg/dl (range, 63.8 to 844 mg/dl) for IgA, with upper limits of the normal of 1,600, 230, and 400 mg/dl, respectively. Patients with type III cryoglobulins had significantly higher blood serum IgG levels than those with types I and II (median, 2,016 mg/dl, and range, 1,050 to 4,281 mg/dl, versus median, 1,360 mg/dl, and range, 571 to 2,084; P ϭ 0.011).
Out of the four patients with lymphoma, one had type I and three had type II cryoglobulinemia. Furthermore, these patients were infected by HCV genotype 1 or 4 (P ϭ 0.001) and had higher levels of cryocrit (P Ͻ 0.05) than did patients without lymphoma.
Cryoglobulin anti-HCV specificity. In 86.2% (25/29) of tested samples with type II or III cryoprecipitates, the IgG fraction of the cryoglobulins was found to react with HCV peptides. In detail, 81.3% (13/16) of type II and 92.3% (12/13) of type III cryoglobulins were found to have IgG anti-HCV activities, with specificity against the viral core region (C1 and/or C2). Additional IgG reactivity for the cryoprecipitates that were antibody positive for the HCV core region was found against the NS3 and NS4 regions in 92% (23/25) and 32% (8/25) of the samples, respectively. No re- The presence of IgM or IgG antibodies against HCV in the cryoglobulins was not significantly associated with any clinical characteristics or laboratory data of the patients.
DISCUSSION
Cryoglobulins are detected in about 50% of patients with chronic HCV infection, which accounts for Ն90% of cases of MC (16) . This is a result of complex virus-host interactions that are still under study. Mixed cryoglobulinemia in patients with chronic HCV infection is associated mainly with type II and III cryoglobulins (2). It has been postulated that type III cryoglobulins evolve over time to type II due to B-cell clonal expansion (17) . In our study subjects, which consisted of symptomatic and asymptomatic patients, type II cryoglobulins were found in 48.8% (21/43) and type III in 41.9% (18/43) of cases. Type I cryoglobulinemia, which is associated with lymphoma, Waldenström's macroglobulinemia, and multiple myeloma (17) , was observed in 9.3% (4/43) of the patients, of whom only one had B-cell non-Hodgkin's lymphoma. It was recently reported that in monoclonal type I cryoglobulinemic vasculitis, approximately half of the patients had only benign B-cell lymphoproliferation, i.e., monoclonal gammopathy of unknown significance (MGUS) (18) . This might also be the case in our 3 patients with type I cryoglobulinemia who had no evidence of hematologic malignancy. In the present study, a monoclonal component was present in 58% (25/43) of the cryoprecipitates. The most frequently identified monoclonal protein was IgM(), and this observation has been confirmed by other studies that reported on the production of monoclonal IgM() immunoglobulin with anti-IgG activity (rheumatoid factor [RF]) in MC (14) . RF activity was detected in all patient serum samples that were included in our study. Chronic HCV stimulation with the development of monoclonal cryoglobulins might rarely result in clinical overt lymphoma, although patients with cryoglobulinemic vasculitis develop B-cell malignancies at higher rates of up to 5 to 10%, compared with 0.2 to 2.6% of the overall HCV-infected population (19) (20) (21) (22) (23) (24) . In our study, four patients with chronic HCV infection had already developed overt lymphoma. One of these patients had type I and the other three had type II cryoglobulinemia. In all 4 patients, the monoclonal protein in the cryoprecipitate was IgM(). Most clonal B-cell expansions in HCV infection are associated with V()-expressing B cells, as demonstrated by the highly increased : ratios and the usage of the V() genes that belong to restricted subfamilies, such as V3-15 and V3-20 (25) . The V3-20 gene expression is often associated with VH1-69 expression in HCVassociated MC and lymphomas (25, 26, 27) . Therefore, IgM() is expected to be the predominant monoclonal component in HCVrelated cryoglobulins, and especially in cases with associated lymphomas. Additionally, although the number of our patients with lymphoma was limited, we observed a genotype association, as all of them had either genotype 1 or 4 HCV infection. Moreover, patients with lymphoma had a higher quantity of cryoglobulins than the rest, suggesting a more vigorous immune or autoimmune reaction in those patients.
HCV-induced MC is considered to be a B-cell lymphoproliferative disorder resulting from B-cell clonal expansion, without the molecular characteristics of a true neoplastic process (28), caused by the constant immune stimulation by HCV, a virus with a high mutation frequency (2) . Under poorly defined and complicated genetic and environmental conditions, the host's immune system produces polyclonal and monoclonal antibodies that bind to HCV proteins and also elicit a specific IgM RF response, causing large aggregates (cryoglobulins).
It has been suggested that the presence of specific HCV proteins causes clonal B-cell expansion and enhanced immune complex generation (2, 29) . Cold-precipitating immune complexes in HCV infection are thought to be primarily formed by IgM rheumatoid factor molecules bound to the Fc portion of IgG, whose main target is the HCV core protein. Moreover, the HCV core protein has been found in skin and renal biopsy samples of HCV-infected patients with MC-associated active vasculitis and nephropathy. In an eloquent study on patients with CHC cryoglobulinemia, nonenveloped core protein was found in the cryoprecipitate, in the form of immune complexes with specific anticore IgG antibodies bound to IgM with RF activity. Precipitation at low temperature did not occur with the addition of any IgG immunoglobulin that was irrelevant to HCV (28) . The cryoprecipitated complexes easily connect to the C1q protein, which subsequently binds to the specific C1q receptors located on the membranes of endothelial cells (17) . In our study, we demonstrated that in 86.2% of our patients with type II or III MC, the IgG fraction of the cryoglobulins had strong reactivity against HCV viral proteins and particularly against the core protein (either C1 or C2). Possible formation of immune complexes or low levels of antibodies might have prohibited the demonstration of such activity in the other samples we analyzed. In any way, the presence of these antibodies confirms the pivotal role of core protein in cryoglobulin formation. It is of great interest that additional HCV IgG activity against NS3 and NS4 was observed in 92% (23/25) and 32% (8/25) of the anti-core-positive cryoprecipitates, respectively. Their presence cannot be attributed to entrapment from serum since albumin, the major serum protein, was absent in all of the tested cryoprecipitates. Even more, although the existence of IgG anti-E2 and anti-NS5 antibodies in the blood serum of CHC patients is well documented, we did not detect any IgG cryo-antibodies against these 2 regions (30). These antibodies in blood serum are usually detected at low levels, and this is probably related to weak antigenic activity due to their structural similarity to the human proteome, such as the immunoglobulin (Ig) variable domains and the T-cell receptor (TCR) (30, 31) . While the role of anti-NS3 and anti-NS4 IgG antibodies in cryoglobulin formation needs to be investigated further, active viral replication that exposes the immune system to HCV structural proteins, such as the HCV core antigen (Ag), located in the inner surface of the virion, appears to be a prerequisite for cryoglobulin production.
Moreover, IgM anti-HCV antibodies were also detected in the cryoprecipitates from 31% of patients with HCV-related cryoglobulinemia, of whom the majority (78%) had type II MC. Even though we did not identify specific HCV epitopes for the IgM anti-HCV antibodies, previous studies have shown that autoreactive IgM might originate in response to core or even other HCV Ags, such as the NS3 or E2 proteins, with mimicry of Ig motifs. The binding of IgM with IgG Fc might be due to coincidental crossreactivity (32, 33, 34) . Interestingly, no IgM activity against HCV was detected in the small number of patients tested with type I cryoglobulinemia. This result might have occurred because of the low cryocrit levels (1 to 2%) in these samples or the proliferation of a different clonal B-cell population.
It is still a matter of debate whether a specific HCV genotype is involved in MC. A higher prevalence of cryoglobulinemia among patients infected with HCV genotypes 1 and 2a or 2c (35-41) has been reported, but several studies have shown all HCV genotypes to be related to MC (42) . We did not observe any specific genotype association with the quantity of cryoglobulin or cryoglobulin type. Also, no association was observed between HCV genotype and anti-HCV antibodies in the cryoglobulins. This lack of association is further supported by a number of studies showing that the genotype distribution in patients with HCV-related MC simply reflects the epidemiology of genotypes that exists in HCV patients in a given geographical area (43, 44) . Therefore, the differences in the prevalence of HCV genotypes in different geographical regions, which clearly exists, might bias previously observed genotype associations.
With the increased number of observed type I cryoglobulins, a technical concern was raised about the sensitivity of the methods used for the cryoglobulin type characterization, which is of great importance. In cases of type II cryoglobulinemia, one of the two components might be predominant (monoclonal or polyclonal component). The cryoglobulin component that is present in low levels can be missed, especially in low cryocrit levels, since the IFE assays that are widely used for cryoglobulin typing have been standardized for routine testing of blood serum or urine specimens. Thus, in cases with low levels of cryocrit, type II cryoglobulins might be misidentified as type I or III. Nevertheless, type II was the most frequently identified cryoglobulin associated with HCV. Another limitation of the study is the fact that due to an insufficient quantity of samples, we were not able to analyze all specimens for their activities against HCV antigens.
Although an association between the quantity of cryoglobulins and symptomatic HCV-related MC has been reported (45) , it is generally thought that the levels of cryoglobulin do not correlate with the severity of symptoms. In this study, the majority of the patients examined were asymptomatic and only 11/43 (26%) had MC vasculitis and/or lymphoma. This low number might have prohibited us from detecting more significant clinical correlations. Nevertheless, higher cryocrit levels were seen in patients with lymphoma and patients with vasculitis than in asymptomatic patients, but this result reached statistical significance only for lymphoma.
In conclusion, type II and III cryoglobulins were predominantly found in HCV-related MC, although rare cases of type I were seen, even in the absence of lymphoma. Type III cryoglobulinemia was associated with high blood serum IgG levels, but no other significant clinical associations were found. The HCV-related cryoglobulins had mainly IgG anti-core activity, but also total IgM anti-HCV and specific IgG anti-NS3 and anti-NS4 activities were present. The complex nature of HCV-related cryoglobulins needs to be further investigated, particularly in association with clinical findings.
